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PATRIC’s Pathogens

 Bacteria:
— Brucella
— Rickettsia
— Coxiella burnetii

e \iruses:
— Coronaviruses (SARS)
— Caliciviruses
— Hepatitis A viruses
— Hepatitis E viruses
— Rabies viruses = Lyssaviruses (expanded scope)
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Curation Concepts

Nucleotide-level Curation

— CDSs and RNA gene calls

— Ribosome binding sites and start site correction
— Pseudogenes and other physical features

Protein-level Curation
— Functional assignment, classification
— Structural properties and features

Automated and Manual Curation
Reference and Assoclated Genomes
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Curation Progress

o All bacterial and viral reference

genomes have received nucleotide-
level manual curation

— |atest release: Dec 22, 2005

e Protein-level automated curation has
been done on all bacterial reference
genomes (not public yet)
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Summary of Nucleotide-level Curation
for Reference Genomes

Pathosystem #genes GenBank entry Start-site changes Frameshifts | Premature stops | Genes deleted = Genes added
Brucella 3198 961 100 50 6 350
Coxiella 2052 74 1 0 0 124

Rickettsia 835 32 22 1 0 74
No. of RGs Total genes/genome 1st pass check New annotations
Calicivirus 13 2,3 Y
Coronavirus 16 14 Y SARS (SZ-3)
Hepatitis A 1 2 Y
Hepatitis E 5 3,4 Y
Lyssawvirus 1 5 Y
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Literature Curation: Pathinfo

T athint: Pathagen leformation - Micaasolt latesnet Lnplarer 1B
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B | Brisceile melitensis Curated Information

et L. Organism Information

¢ orgion  Organism background

A. Taxonomy
B. Lifecycle

1. Species:
C G . a. Bracella melitensis (Morenoa et al, 2002):
- Genome Summary i. GenBank Taxonomy No.: 20458

IL. Epidemiology ii. Description: According Lo the new ticconormy used by NCEIL the classic Brucella spp. are named [} E I d e m I O I O
A. Outbreak Locations

Brucefla melitensis, which include Brucelfa mefitensis 160M and 5 biovars: Abortus, Canis,

B. Transmission Meotomae, Ovis, and Suis. However, the traditional taxonony is still widely used, where
C. Environmental Brucelia spp. include B. melitensis, B. abortus, 8. suis, B. canis, B. neotomae, and B. ovis. This
Reservoir dacument is focused on the first three species.

D. Intentional Releases iii.

M. Infected Hosts

» Pathogenesis

+ Brucella melitensis biovar 1 strain 16M (Morenoa et al,, 2002, Gandara e al,, 2001 )
o GenBank Taxenomy No.: 224014

e ;'Mm o Parent: Bruceila melitensis .
2' Il;:xm:om; o Description: Strain 16M, corresponding to ATCC 23456, is the type strain for this biovar.
3’ o Lo “”IM"""’:I Strain 16M primarily affects goatz and sheep, and is the most virulent of the Brucefiae in L4 X e rl l I I e n S
+ Latase nformation hurnans.
4. Erevention + Brucella melitensis biovar Abortus (Morenoa et al., 2002);
B “é‘_ Mindr] Syslem o GenBank Taxonomy No.: 235
. Cow n Fhemasbs Finesmnll e sin b o a4
i lat ook g
» .—r!mnmmmmmnmnmmm—ﬁ
;- Infection Process Science and Comparative Medicing. 1980; 24: 69 - 98, [PubMed: 6779513],
. Disease Information
4. Prevention Orduna et al,, 2000: Orduna A, Almarez A, Prado A, Gutierrez MP, Garcia-Pascual A. Duenas
5. Model System A, Cuervo M, Abad R, Hernandez B, Lorenzo B, Bratos MA, Rodriguez-Tomres A Evaluation of -
C. Goats and She: il an imnnacanture.acolntination tect (Rrweellacanty for cerndinonneic of liman hmeellneic .
Lol PR T | s .
- = e :

Pathosystem
Bacteria Status
Brucella Available
Coxiella Available
Rickettsia Available

Viruses
Calicivirus Ready, awaiting release
Coronavirus in queue
Hepatitis A in queue
Hepatitis E Ready, awaiting release
Virginia Lyssavirus In progress
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Pathinfo Status for the Pathogens of Other BRCs

Eukaryotic pathogens

BRC complete to be completed
Apicomplexan 2 1
BioHealthBase 0 1
Pathema 0 1
Viruses

complete to be completed
VBRC 16 4
BioHealthBase 0 1
Bacteria

complete to be completed
Pathema 3 2
NMPDR 0 4
ERIC 4 1
BioHealthBase 1 0
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Progress: Software Development

e Curation Infrastructure
— Nucleotide-level curation: pipeline + edit page
— Protein-level curation: pipeline + edit page
 Improvements to External Website

— User-friendly database query interface

— Enhanced gene/protein table display highlighting
corrections to published annotations
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Curation Infrastructure: February '05

PATRIC Home Page

Navigation Bar

NIAID/BRC Information

VBI Logo

News

Pathosystem / Organism List

Brucella  Coronavirus Hepatitis A
Rickettsia Calicivirus  Hepatitis E
Coxiella  Lyssavirus

Footer with NIH, NIAID Logo Links § Contact Address and Update Time

y

Pathosystem Pages

Navigation Bar

Pathosystem Synopsis
¢ Pathogenicity

e« Pathophysiology

¢ Genomics

VBI Logr

Links to VBI Pathinfo & NCBI Tionomy ]

Species / Isolate Table /
e Pathogen
Genome Summary /

Curation Status

Gene / Protein Table/
Genome Browser

Genome Annotation Summary

Navigation Bar

VBI Logo

Organism Species, Name, Origin
Status Report

« Genome Sequencing
Sequencing Center

(On the draw

ing board, mostly)

Gen

ome Feature Edit Page

e Bar:. P VBI Logo

Navigation Bar

Assembly Stat

Genomic Sequence Feature Display

-

|

Trace Files Organism Pages
« Computational e Bar:.Patho
Pipeline Confi Navigation Bar

Execution Datg
¢« Manual Annotat o

Team Leader | o
Curators .

Genomics

Organism Synopsis
Pathogenicity, Pathophysiology

Comparative Genomics

Feature Table (Evidence)
Computationally Annotated and Experimentally
Observed Features

Sequence Similarity
Alignments to Protein & RNA Databases

Curate

L Footer with NIH, NIAID Logo Links +

Links to VBI Pathinfo & NCBI Taxonomy

¢ Gene Table

Table of Species/Isolates w/ Links to:
¢ Genome Annotation Summary
e Genome Browser

¢ NCBI Segs & Annotation

Genes, CDSs, Functional Motifs, etc.

d Features

Footer with

NIH, NIAID Logo Links + Contact Address and Update Time

Footer with NIH, NIAID Logo Links + Contact Address and Update Time j--

J

/

_Protein Edit Page

VBI Logo

Navigation Bar
Protein Feature Display

' =

Gene Table

Navigation Bar

Genome Browser

Gene Query Tool

Search by Name, Product,
Position, Function, etc.

VBI Logo

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

J

Virginia

Navigation Bar
Organism Name
(Replicons)

Replicon Ideogram(s) @ @

-~
Genome Feature Overview P

Scrollable, Zoomable Genome Browser with
Query Tool

Gene/Protein Table

e Feature View

Gene Name, Position, Type
Gene Product

Gene Edit Page
Protein Edit Page

]

.

-
-

Graphical View Controls

Footer with NIH, NIAID Logo Links + Contact Address and Update Time

e~ ]

Feature Table (Evidence)
Computationally Annotated and Experimentally
Observed Features

Supporting Evidence

Curated Features

Structures, Domains, Signals

Curated Attributes

Functions and Properties (GO, EC)

Footer with NIH, NIAID Logo Links + Contact Address and Update Time
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Footer with NIH, NIAID Logo Links + Contact Address and Update Time
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Curation Infrastructure: February '06
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As one of the sight Bioinfomatics Resource Centers funded by the National inst
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PATRIC is curating genomes of the following pathogens:

* Bacteriz
+ Brucella species
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o RICkettsia species
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e e In the works: links from protein
S sl s b T i) : i
— - edit page to proteomics data

Y2H protein
interaction




Progress: Databases

 Updated PATRIC database schema to
GUS 3.5 for all database instances

e Various improvements and additions to
database infrastructure

Virginia
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Curation: Two Parallel Approaches

Bottom-Up Approach:
» High-Throughput Curation

Top-Down Approach:

e Targeted Analysis

» Systematic Analysis » Specialized Curation

» Standardized Pipeline » Specialized Methods
Diagnostics,
Therapeutics &

50% Vaccines

0%

Target Discovery

Curation

Virginia
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Top-Down Approach: Targeted Discovery
of Countermeasure Candidates

e Community involvement

— Goals defined by end users (organism experts and
community they represent)

— Experts’ involvement at all stages

— Commitment from end users for validations/follow-
up
* Problem-driven curation and analysis

Virginia
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Top down approach
iImplementation: “Special
Projects”

e Brucella
e Rickettsia

e Lyssavirus

15
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Brucella Special Project

* Project Goals
— ldentify virulence factors by comparative genomics
— ldentify functional polymorphisms
— Obtain diagnostic markers

— Incorporate methodology into genome annotation
pipeline

e Collaborators

— Stephen Boyle (PATRIC Organism Expert,
VirginiaTech)

— Yongqun “Oliver” He (University of Michigan)

Virginia
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Newly-ldentified Genes
In published Brucella genomes

“Newly-identified genes”:
— Genomic regions not previously associated with coding sequences

— ...which have full-length alignments with known or predicted
proteins in closely related genomes

Newly-identified

With assigned

Genes function
B. suis 1330 50 14
B. abortus 2308 129 14

Virginia
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Virulent vs. Attenuated Strain
Comparison

* VBI has access to two unpublished Brucella
abortus strains: 9-941 and S19

— 9-941: parent strain

— S19: attenuated mutant of 9-941 that
developed spontaneously and Is used as
vaccine strain

Virginia
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Frameshifts and Premature Stops in
Brucella abortus S19 ORFs

519 : Size M Frameshift Both
Analysis Stop
Chr | 2.12 Mb 34 477 10
Chr 1l 1.16 Mb 31 320 7

In progress: filter to distinguish

1) sequencing errors
2) mutations shared with 9-941
3) mutations specific to S19

Tech
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Polymorphisms (Substitutions and Indels)
between Orthologs in S19 and 9-941

Virginia
Hg[I1TECh
A

Number of Genes

Genes with Nucleotide Differences

3000
2500
2000
1500
1000
500
0

2853

520

67

—

10 5 0 1

10

0

1

2

3 4 5 6

NT Differences

>6
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Rickettsia Special Project

e Collaborator: Abdu Azad (PATRIC Org.
Expert, U. of Maryland)

Virginia
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Finding Good Vaccine Targets

Surface-
exposed




Rickettsia prowazekii Proteome 834 J

/( A 67 \
|+ | }
N 1 ~ 1 L
Beta-Barrel? 9
1 |
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Vaccine Target Candidate Proteins

 The six genes are annotated as hypothetical
proteins

e Highly conserved among 7 annotated Rickettsial
genomes

* Further analysis: the coded proteins seem to share
common features/ motifs characteristic of
autotransporters, competence factors and
secretion apparatus proteins

Virginia
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Lyssavirus Special Project

e Goal: develop an automated
phylogenetic classification system
(phylotyping) for Lyssaviruses

e Collaborators
— Charles Rupprecht (PATRIC OE, CDC)
— Alan Dickerman (VBI)

Virginia
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Phylotyping

e Tool that will allow submission of
seqguences for multiple sequence
alignment and generation of
phylogenetic tree (web-based)

 Methods: MUSCLE + Mr.Bayes + VBI
programs

* Tree Viewer juxtaposes tree view with
MSA

Virginia
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General plans for near future

o Steady state curation

— Next release in June 2006

« Various improvements to infrastructure
(including “automated curation”)

 LANL sequence annotation

e Special projects

Virginia
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Organization of Relevant
Meetings by VBI

 International Symposium on the Comparative
Biology of Alpha-Proteobacteria
— April 26-29, Blacksburg
— (Brucella and Rickettsia are alphas)

e Computational Genomics '06
— October 28-31 (tentative), Baltimore

— 3 main themes

* Infectious diseases, automated annotation, and
biological networks

Virginia
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Pls
B. Sobral
J. Setubal

PATRIC

Executive Committee

O. Crasta

M. Czar

R. Kenyon

A. Purkayastha
E. Snyder

R. Will

Curators

C. Dharmanolla
V. Dongre

M. Hance

D. Jukneliene
L. Mackasmiel
J. Shallom
G.VYu

Virginia

(project management)
(project management)
(curation)
(bioinformatics)
(software)

(literature)

(Hep E)

(Rickettsia and Lyssavirus)
(Coronavirus)

(Calicivirus)

(Coxiella and Hep A)
(Brucella)

Software Developers
N. Kampanya (web design and visualizations)
J. Lu (database architect and administrator)

M. Shukla (genome curation interfaces)
J. Soneja (annotation pipelines)
F. Zhang (lit. curation, web navigation and queries)

Organism Experts
A. Azad (U. Maryland, Coxiella and Rickettsia)

S. Baker (Loyola U., Coronavirus)
S. Boyle (VT, Brucella)

Y. He (U. Michigan, Brucella)
Y. Khudyakov (CDC, Hep A)

XJ Meng (VT, Hep E)

C. Rupprecht (CDC, Lyssavirus)

J. Vinje (CDC, Calicivirus)

Collaborators
J. Gabbard and D. Hix (VT, usability engineering)
N. Ramakrishnan (VT, data mining)
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What Is a Reference Genome?

-Genome sequence of the type species of a genus.

-A lab strain that has been extensively characterized.

-A representative of a phylogenetic subgroup (community choice)

The Reference
Genome annotation
IS the starting point
to create a
Reference Gene Set
for that
Pathosystem.

Virginia
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Organism Class 1

Precedence 1

Reference
Genome

Reference Genes

\J 3

2 ¥

Associated
Genome

Associated
Genome

Associated 85%

Genome

10%

4%
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Genome Analysis Pipeline (GAP)

Genome Sequence Data
| RefSeq | GenBank || JGILANL |

DNA Sequence E g g Features &
DNA Features g Attributes
Protein Attributes g

Genomic Sequence Analysis Pipeline (GSAP)

\J y

Gene Prediction Other Features

CDS Prediction

Finder | Matrx

tRNAscanSE vEL'rARSr\T:s Usage [l Content
' etc.

PGl Parser

BLASTX vs.
NR Prot

v

Manual Protein
Curation Sequence

Annotated|Features

v

Protein Analysii Pipeline (PAP)

Sequence Similarity

BLASTP vs. NR
BLASTP vs. Virulence Genes/Drug Targets

Feature Prediction

Psortll ll SignalPhmm
TMHMM | MEMSAT2 Transmembrane Segments
PSIPred Secondary Structure

SuperFam/SCOP Functional Domain Prediction

Pfam TIGRFam BLASTProDom

Leader Sequence

HMMSmart Blimps/BLOCKS FprintScan

PROSITE Catalytic Site Atlas ProfileScan

Features ’

L ‘ Genome Ontology ‘ M |
anua

t\ ‘ Enzyme Commission ‘ Curation

Attributes

Web
Browser

PATRIC
Database




Reference Genomes Curated for the
Dec. 22, 2005 Release.

Complete = Genome |Reference DNA Protein
Pathosystem _ . :
Genomes Size Genomes curation Curation
Bacteria
Brucella 4 3.2 Mb 1 Y auto
Coxiella 1 1.9 Mb 1 Y auto
Rickettsia 7 1.2 Mb 1 Y auto
Viruses
Calicivirus 64 7.5 kb 13 Y N
Coronavirus 163 31 kb 16 Y N
Hepatitis A 16 7.4 kb 1 Y N
Hepatitis E 48 7.2 kb 5 Y N
Lyssavirus 12 11.9 kb 1 Y N
Virginia

|l Tech
b




Pathway Analysis: plan

 Metabolic pathway prediction/visualization
hyperlinked to protein annotation pages
(Pathway Tools, P. Karp)

e Signaling pathways, protein complexes, gene
regulation pathways also to be incorporated

* Host/Pathogen interaction visualizations in
development

 All pathway proteins hyperlinked to proteomic
experimental data

Virginia
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A Multi-Task Procedure for Critical Analysis of
Sequence Variants and Comparative Genome Analysis

1. To identify missed genes, genes that are involved in frame-
shifts, in-frame stop codons, insertions, and deletions

2. To comparatively analyze these gene variants among closely-
related genomes to identify genome-specific genetic factors

3. Build as a part of our automatic genome annotation pipeline
and offer as open source software for research community.

Virginia
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Phylotyping Application Workflow

) ICli.x:k of 2 ZE2 10 220 more datails. )
1k 2k 3k ak 5k Bk 7k 8k ok, 10k 11k,

gene {(forward)

Select ORF for Analysis

—— Sequence Submission

Alignment

el
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Immmmmmmmmm

|
Immmmmmmmmm
Immmmmmmmmm

Phylogeny Estimation

Visualization
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General plans for near future

Steady state curation

— Next release in June 2006
* Nucleotide-level automated curation for all genomes
« Automated protein-level for all reference genomes

 Manual protein-level curation of one bacterial genome

Various improvements to infrastructure

LANL seguence annotation

Special projects

Virginia
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PATRIC Representation In
Community Meetings

Meeting Month Location

Rickettsia June 2005 Spain
Nidovirus (incl. Coronaviruses) June 2005 Colorado
Int’l Union of Microbiological Societies July 2005 California
Int’l Virus Database Meeting June 2005 Missouri
Brucellosis October 2005 Mexico
Rabies October 2005 Canada
Genome Informatics October 2005 CSHL, NY
Biocurator December 2005 California
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Meeting Activities

e Abstracts

— 4 Posters
— 4 Presentations

e Sponsored Booth at [IUMS
— Cosponsored with VBRC

 Web-based questionnaires for four meetings
— To gauge the bioinformatic needs of community

— Nidovirus: 18 responses
— IUMS: 9 responses
— Rabies: 3 responses
— Brucellosis: O responses
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Survey Responses

IUMS IUMS Nidovirus Nidovirus
Resource
Response No. Mean Score Response No. Mean Score

Universal Primers 7 2.7 13 1.8
Epitope Database 7 2.7 14 2.4
Viral gene expression and assembly 8 58 14 54
pathways

Phylogenetic trees 7 3.0 13 2.0
Comparative Genomics 7 3.0 12 2.3
Affect of viral proteins on host 8 31 14 16
pathways

Modelling of active sites of enzymes 7 3.3 12 2.4
High-throughput data 7 3.3 12 2.5
Epidemiological data 7 3.3 13 2.5
Literature collection 7 3.3 14 1.6
3D structural data 8 3.5 14 1.9

1=Highest Priority 5=Lowest Priority
Virginia

e =~ =—VB]



Follow Up to Survey

 Difficult to gauge needs
— Low response to questionnaires

e Different needs of different communities

o Gap between bioinformatics resources and workflow
of countermeasures development

e Approach:

— EXxpedite response to one community through Special
Projects; results directly applicable to one community

— Resultant Use-Case should help build broadly applicable
analysis resources
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SWG meetings

e Face-to-face June 2005
e Conference call January 2006
e Next one: face-to-face June 2006
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